Introduction
The process of formation of alginate fibres was first described in 1944 [1] . For years, these fibres were mostly produced for textile applications. While today such uses are negligible, new application opportunities are being sought for alginates and alginate fibres; these include tissue engineering, drug carriers, pharmaceuticals, dietary supplements, cosmetics, and wound dressings [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Alginates are obtained from algae in multistep processing, while fibres are produced from alginates by wet spinning from solution. Alginates are natural polysaccharides with a linear macromolecular structure, composed of blocks of (1-4)-linked β-D-mannuronat and α-L-guluronate residues [15, 16] . In wet spinning of alginate fibres, aqueous solutions of sodium alginate are used as spinning solutions. The concentration of the solutions must be such that apparent dynamic viscosity is in the range of 30-60 Pas, allowing for stable fibre formation. In the case of wet spinning from solution, the rheological properties of the spinning solutions influence its flow rate distribution as it flows through spinneret channels (the so-called transverse flow rate gradient). The levels of this gradient determine the orientation of structural elements along the fibre axis, and thus also the strength properties of the fibres. The macromolecular structure of alginate fibres is rather rigid, which means that the characteristics of the final product largely depend on the as-spun draw ratio and the stresses occurring during solidification, which have a fundamental effect on fibre structure and its transformations during deformation processes in consecutive stages to type of fibre formation [17] [18] [19] . The objective of the present work was to determine the influence of the concentration of sodium alginate on the rheological parameters of spinning solutions. At the same time, we determined the most advantageous concentrations of spinning liquids for the process of wet spinning from solution.
Experimental

Materials and methods
In the presented study, we used sodium alginate from SigmaAldrich with an intrinsic viscosity of 1.132 dL/g (which is viscosimetrically equivalent to an average molecular weight of approximately 36.000 g/mol) and also Protanal LF 10/60 LS sodium alginate from FMC Biopolymer with an intrinsic viscosity of 2.609 dL/g (which is viscosimetrically equivalent to an average molecular weight of approximately 89.000 g/ mol). For rheological studies, we used aqueous solutions of sodium alginate at a concentration of 9% to 14% for the first type of polymer and 5% to 8.4% for the second type of polymer. The rheological properties of spinning solutions were measured using a Rheolab QC rotational rheometer from Anton Paar. Measurements were conducted at shear rates from 0 to 160 s −1 at 20°C using a CC17 cylinder. Specific tensile strength (tenacity) was tested using an Instron 5944 universal testing machine. The fibers were spun from solution by the wet method. An aqueous solution of CaCl 2 at a concentration of 3% and a temperature of 15°C was used as a solidification bath. The first stage of drawing was conducted in a plasticising bath (an aqueous solution of CaCl 2 at a concentration of 3% and a temperature of 70°C). The second stage of drawing was conducted in overheated water steam at 120°C.
Results and discussion
In the case of wet spinning from solution, the polymer solution concentration must be such that apparent dynamic viscosity is appropriate for stable solution processing into fibres. While low concentrations of spinning solutions may compromise
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For both studied polymers, we determined spinning solution concentrations for which apparent dynamic viscosity fell within the range appropriate for wet spinning from solution. These concentrations were 12% and 13% for the Sigma-Aldrich polymer and 7.4% and 8% for the Protanal LF10/60LS polymer.
Analysis of the strength properties of the obtained fibres revealed that at similar total draw ratios the Sigma-Aldrich polymer resulted in a slightly higher tenacity at a polymer concentration of 12% (Table 3) . At the same time, the highest tenacity (15.54 cN/tex) was found at an as-spun draw ratio of +100%, which is probably due to a more advantageous orientation of macromolecules in the coagulation bath. For the Protanal LF10/60LS polymer, the highest tenacity (23.37 cN/ tex) was obtained for the polymer concentration of 7.4% at an as-spun draw ratio of +50 (Table 4 ).
The considerable differences in tenacity between fibers made from the two polymers are probably attributable to the fact that the polymers significantly differ in terms of molar mass. Protanal LF10/60LS, with a higher molar mass, exhibited higher tensile strength as well as slightly higher total draw ratios.
The rheological parameter k, which is a measure of solution consistency, increases with increasing polymer concentration in the solution, which is typical of solutions of high molecular weight compounds. Importantly, in the case of 7-8% concentrations of the Protanal LF10/60LS polymer, apparent dynamic viscosity values are in the range of 40-60 Pas, while in the case of the Sigma-Aldrich polymer, such levels of the rheological parameter are obtained at concentrations of 13-14%.
These differences follow from the characteristics of the polymers applied. The molar mass of the Sigma-Aldrich polymer is lower than that of the Protanal LF10/60LS polymer (Mv = 36.000 g/ mol and Mv = 89.000 g/mol, respectively). 
Conclusions
Rheological studies of aqueous spinning solutions of sodium alginate led to the determination of appropriate alginate concentrations for wet spinning. Spinning tests revealed very good spinability and solidification properties of both polymers.
In the spinning tests, fibres produced from the Sigma-Aldrich polymer were found to have a tenacity of approximately 14-16 cN/tex, while those made from Protanal LF10/60LS exhibited a tenacity of 20-24 cN/tex.
The considerable tenacity differences between the fibres made from the two polymers are attributable to the fact that the polymers differ significantly in terms of their molar mass.
